In the present study a rapid, accurate and precise chiral HPLC method was developed and validated for enantiomeric separation of racemate citalopram and escitalopram according to the guidelines of United States of Pharmacopeia (USP) and International Conference on Harmonization (ICH). The chiral chromatographic separation was achieved with ammonium acetate/ ethanol/ 2-propanol/ methylene dichloride (100 : 150 : 70 : 30, v/v) at a flow rate of 0.5 ml/min using a chiral CD-PH column. The HPLC analyses were monitored at 254 nm. The method showed a good linearity with regression coefficient (r 2 ) of 0.998 in the range of 20.0-70.0 µg/ml for escitalopram. The detection limit (LOD), quantitation limit (LOQ) and average percentage of recovery for escitalopram were found to be 2.54, 7.68 µg/ml and 100.28% to 102.86%, respectively. The percentage of relative standard deviation (%RSD) for intra-and inter-day precision were found as 0.16% and 0.09%, respectively. The established method proved as reproducible with a %RSD value of less than 2 and having the robustness within specified limit. The present study also showed the enantiomeric purity or excess (%ee) of seven pharmaceutical preparations of escitalopram. Thus the proposed chiral method can be applied for the enantiomeric purity determination of escitalopram formulations.
INTRODUCTION
Citalopram (1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile) is a selective serotonin reuptake inhibitor used as an antidepressant drug. 1 Citalopram possesses one asymmetric carbon ( Figure 1 ) giving a pair of enantiomers, pharmacologically effective (S)-citalopram, and (R)-citalopram which is considered to be inactive. 2 Citalopram is also applied to treat panic, anxiety and obsessive compulsive disorders of pathological laughing and crying. 3 The United States Food and Drug Administration (US FDA) and other regulatory agencies have made it mandatory for the manufacturers to investigate each enantiomer of the chiral drug individually. 4 According to the International Conference on Harmonization (ICH) guidelines, chiral identity, enantiomeric impurity and chiral assay tests are required for product specifications. 5 Chromatographic techniques, especially by HPLC have been given priority for the separation of enantiomers during the past several decades. [6] [7] [8] [9] Numerous book chapters and review articles have dealt with the separation of chiral drugs by HPLC methods. [10] [11] [12] [13] [14] Chiral HPLC provides fast and accurate methods for chiral separation, and allows on-line detection and quantitation of both mass and optical rotation of enantiomers if appropriate detection devices are used. 15, 16 Now a days, chiral HPLC methods are more widely used for direct chiral separations which are also more predictable than those using chiral additives in the mobile phase. 17 However, in order to quantitative analyses of the enantiomeric composition of citalopram, various analytical methods have been developed in recent years. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Most of them are involved in the employment of HPLC or supercritical fluid chromatography (SFC), equipped with chiral stationary phases. This study, presents a new, rapid, accurate, precise and the suitable analytical method for seperation of citalopram and the determination of enantiomeric purity of escitalopram with the chiral column composed of silica-based phenylcarbamated β-cyclodextrin (chiral CD-PH). To the best of our knowledge, this work is the first attempt of employing phenylcarbamated-β-cyclodextrin (CD-PH) as a chiral selector for enantiomeric separation and quantitation of citalopram. Performing the significant number of methods on trial and error techniques using a large number of polar and nonpolar solvent mixtures as mobile phase, a new and suitable chiral HPLC method was developed for the enantiomeric separation of citalopram. This newly developed method demonstrated excellent resolution (>2) although the two enantiomers made the separation very difficult for their similar physical and chemical properties. 35 This method has been successfully applied on the determination of the content of escitalopram along with enantopurity in the seven marketed formulations available in Bangladesh. 
MATERIALS AND METHODS
Chemicals and equipment. The reference standard of citalopram and escitalopram were obtained from Incepta Pharmaceuticals Ltd., Savar, Bangladesh. Seven samples of escitalopram were purchased from local market. HPLC grade solvents like as ammonium acetate, ethanol, 2-propanol and methylene dicloride were purchased from SigmaAldrich, Germany.
Method development. For developing a new and easy chiral HPLC method, a large number of polar and non-polar solvent mixtures were used as mobile phase on trial and error technique using with two different chiral columns, such as Chiralcel OD-H and AGP. But good chromatographic condition was achieved on Chiral CD-PH.
Chromatographic conditions.
Chromatographic condition was optimized with ammonium acetate/ ethanol/ 2-propanol/ methylene dichloride CD-PH (phenylcarbamated β-cyclodextrin) column, a silica-based chiral packing material coated by phenyl-carbamated β-cyclodextrin (CD) (250 × 4.6 mm) (Daicel Chemical Industries Ltd., Tokyo, Japan) was used. Before analysis with HPLC, all the solvents, mobile phases, standard and sample solutions were prepared by using sonication in ultrasonic bath (Ultrasons Medi-II, Spain) and filtered using 0.45 µm membrane filter tips..
Standard solutions.
Five mg of escitalopram standard was weighed and transferred into a 50 ml volumetric flask and dissolved with diluent (mixture of ethanol and 2-propanol) applying sonication in an ultrasonic bath for 15 minutes. The solution was diluted with the solvent mixture up to the mark. The resulting solution had a concentration of 100 g/ml. Dilution of this solution with appropriate volumes of the solvent mixture was carried out to obtain solutions of concentrations of 20, 35, 45, 55, and 70 μg/ml. Citalopram standard solution was also prepared to identify the enantiomers of citalopram.
Sample solutions of escitalopram. Take twenty capsules escitalopram of each of seven pharmaceutical manufacturers (code A, B, C, D, E, F, and G). Capsule powder equivalent to 5 mg of each brand was transferred to a 50 ml volumetric flask. The content was dissolved with suitable volume of diluent and sonicated for 15 minutes. Then the volume of the samples was made up with diluent and mixed well, and analyzed immediately.
Application of the method. This analytical method was applied to determine the % recovery of escitalopram commercial samples. Then the enantiomeric purity of samples were calculated by using the formula: [36] [37] enantiomeric purity = (% of major enantiomer -% of minor enantiomer).
RESULTS AND DISCUSSION
Specificity. Specificity of the test method was determined by analyzing standard substance against potential interferences. The method was found to be specific because of the absence of any interference to the test substance. Under the optimized chromatographic conditions, the chromatograms (Figure 2 ) confirmed the presence of (S)-and (R)-enantiomers in citalopram solution with the R t at 11.74 ± 0.01 min and 28.32 ± 0.01 min, respectively without any interference.
System suitability.

Capacity factor (k)
Capacity factor (retention factor) is a measure of the retention time of a compound in the sample with a given combination of mobile phase and column. It is defined as k (A) = (t A -t 0 )/ t 0 in which t A is the Figure 2 . Chromatograms of (a) standard citalopram, and (b) standard S-citalopram retention time of the compound and t 0 refers to retention time for an unretained compound. For an optimum separation, retention factor should be in the range of 0.5 < k < 10. In the present work, k values for (S)-and (R)-enantiomers in citalopram were found as1.12 and4.04,respectively.
Selectivity factor (α)
Selectivity parameter is a measure of separation of two compounds in the sample under given conditions. For two components A and B it is defined as α = kA/kB (k is the respective capacity factor).
Therefore, it is the ratio of the relative retentions of the two compounds. In the present study the selectivity parameter for separation of citalopram was found to be 3.60.
Resolution (R)
Resolution is a measure of the degree of separation between adjacent peaks. For two compounds A and B in a chromatographic run it is expressed as R = 2(tA − tB)/(wA + wB) in which tA and tB are the retention times and wA and wB refers to the width of the base of the component peaks. In this work the resolution value for separation of citalopram was 15.63. This method also resulted in symmetric peak shape with tailing factors 1.16 and 0.91 as well as good number of theoretical plates with 23097 and 58185 for (S)-and (R)-citalopram, respectively. System suitability parameters are reported in Table 1 .
Linearity and range. The calibration curve for escitalopram [(S)-citalopram]
showed good linearity with coefficient of determination (r 2 ) value of 0.998 in the concentration range from 20-70 µg/ml. The linearity curve is shown in Figure 3 and the parameters are given in Table 2 . Accuracy. Accuracy of the method was examined by recovery experiments which were performed by spiking solutions of known amount of the drug with pre-analyzed sample. The data of the experiments were statistically analyzed using the formula [% Recovery = (Recovered conc. Injected conc.) x 100] to determine the recovery and the validity of the proposed method. To evaluate the accuracy of the method, successive analyses (n=3) of standard solutions of the drug were carried out. The average percentage of recovery was calculated and it was found to be 100.28% to 102.86% for (S)-citalopram against the concentration of 45, 60, and 65 μg/ml. All data are shown in Table 3 .
Precision
Intra-dayprecision
For validation of the method repeatability was examined by determining the %RSD of a single solution of a particular concentration by injecting six times on the same day by using the formula [%RSD = (SD/Mean) × 100], where, SD = Standard deviation.
Inter-day precision
Intermediate precision was examined by determining the %RSD for a solution of single concentration by injecting three times on three different days. The results are presented in Table 4 .
The intra-/inter-day precisions were found to be less than 2% for escitalopram indicated the developed method was precise.
Detection limit
The limit of detection (LOD) and the limit of quantitation (LOQ) were evaluated from the slope(s) of the calibration curve and the standard deviation (SD) of the peak areas using the following equations: LOD = (SD/ Slope) × 3.3 LOQ = (SD / Slope) × 10. The results are shown in Table 1 . Solution stability. The solution stability of standards and samples was established under normal bench top conditions, normal storage conditions, and sometimes in the instrument to determine where special storage conditions were necessary or not, for instance, refrigeration or protection from light. Escitalopram standard solution with concentration of 30 µg/ml was kept in a tightly capped volumetric flask at room temperature (25ºC) on the laboratory bench and at 4ºC in a refrigerator for 3days and its stability was tested. Solution stability study was carried out to calculate % RSD of area for three consecutive days at 25ºC and 4ºC. At 25ºC the value of %RSD was found to be 0.05%. At 4ºC the value of %RSD was 0.05% which demonstrated that the drug was fairly stable at normal and freezing temperatures. Table 2 . Results of system suitability parameters.
Tailing factor (≤2) (n = 5) 1.16 0.91 Relative retention (k1 and k2) (n = 5)
1.12 4.04 Selectivity (α) (n = 5) 3.60 Resolution (≥2) (n = 5)
15.63 n = number of determinations Table 3 . Results of precision intra/inter-day validation of the method.
Precision (%RSD ≤ 2)
(S)-citalopram Intra-day, n = 6 0.16% Inter-day, n = 6 0.07% n = number of determinations Robustness. The robustness of the test method was carried out changing the flow rate ± 10%, i.e. 0.6 ml to 0.8 ml/min) and wavelength ± 2 nm, i.e. 254 nm to 256 nm), and n = 3. The method was found to be robust. %RSD was calculated for each variation. Values obtained are given in Table 5 .
Method application. This analytical method was applied to quantitate the content of (S)-citalopram in samples and as well as to calculate the %purity. The average content of (S)-citalopram was found to vary from 99.10% to 100.00% in the formulations while the average content of (R)-citalopram found as impurity varied from 0.02% to 0.45%. The percent enantiomeric purity (%ee) of samples were determined. The results are recorded in table6 and all the chromatogram of samples are shown in figure 4 and table 6 .
CONCLUSION
This study presented a newly developed and validated method for the enantioseparation of citalopram and determination of escitalopram in pharmaceutical preparation. The new method was found to be simple, accurate, and precise with improved resolution compared to reported methods. So the established method can be successfully applied for the routine analysis of escitalopram in pharmaceutical formulations.
